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(57) Abstract: The invention refers to a transponder device in- 
cluding a receiver unit (1), a processing unit (3) and a transmitter 
unit (5). The receiver unit is arranged to receive a radar pulse 
including an interrogation signal. The processing unit includes 
first means (32, 33) arranged to interpret the interrogation sig- 
nal, second means (34) ananged to determine if a response is 
to be transmitted and to generate a response depending on said 
determination, and third means (35, 36) arranged to generate 
a response signal from said response. The transmitter unit in- 
cludes a mixer (52) for generating a response radar pulse and 
a frequency manipulator (53) for shifting the frequency of the 
generated response radar pulse. The transmitter unit (5) is ar- 
ranged to transmit the frequency shifted response radar pulse. 
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A transponder device 

THE BACKGROUND OF THE INVENTION AND PRIOR ART 

The present invention refers to a transponder device, which 
is arranged to receive a radar pulse and to transmit a 
response radar pulse depending on the received radar pulse. 

It is known to utilise such transponder devices for 
identifying a friendly aircraft, friendly trucks and similar 
own craft or vehicles. Thereby the so called IFF- technique 
(Identification Friend or Foe) is utilised for identifying a 
friendly aircraft when it is seen observed by a radar. An 
encoded interrogation signal activates a transponder device, 
which is provided on the friendly aircraft and which thereby 
initiates an automatic transfer of a correctly encoded 
identification signal. The interrogation signal may, for 
instance, be transferred at 1,03 GHz and the identification 
signal at 1,09 GHz. Such transponder devices are thus 
arranged to receive the interrogation , signal at a fixed 
frequency and to transmit the identification or response 
signal at another fixed frequency. Furthermore, transponder 
devices are usually separated from the radar with which they 
co-operate, i.e. the transponder device receives and 
transmits at other frequencies than the frequencies at which 
the radar operates. Corresponding technique is used by civil 
air traffic control for identifying principally all aircraft 
within a controlled air space. The civilian radar, a so 
called "Secondary Surveillance Radar", SSR, identifies 
aircraft individual and its height. 
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One problem with the devices of today is the difficulties to 
be able to separate friend and foe. I military systems, 
there are two main requirements. The transponder device must 
not be activatable by the opponent to give away the presence 
5 of own aircraft or vehicles, nor to support radar line up of 
a foe. When the transponder responds to an allowed response, 
the risk should be very low that the opponent gives a 
response as if it would have been one of the own aircraft. 

10 SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
transponder device, which is intended for a radar and by 
which objects could be identified as belonging to the own 
15 vehicles, aircraft or boats. Furthermore, it is aimed at a 
device fulfilling the two requirements mentioned above. 
These requirements are to be fulfilled even if a foe get 
hold of construction basic data or equipment. 

20 This object is obtained by a transponder device, including 

a receiver unit, which is arranged to receive a radar 
pulse including an interrogation signal, 

a processing unit, which includes first means arranged 
to interpret the interrogation signal, second means arranged 
25 to determine if a response is to be transmitted and to 
generate a response depending on said determination, and 
third means arranged to generate a response signal from said 
response, and 

a transmitter unit, which includes a mixer for 
30 generating a response radar pulse and a frequency 
manipulator for shifting the frequency of the generated 
response radar pulse, wherein the transmitter unit is 
arranged to transmit the frequency shifted response radar 
pulse, wherein the processing unit includes a memory member, 
3 5 which is arranged to store the interrogation signal and 
which includes a volatile memory. 
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By such a transponder device, it is possible to identify an 
interrogation signal, which may be hidden in and included by 
the radar pulse, and in particular, in one single radar 
pulse. No further transmitter, which operates at another 
frequency than the radar and is possible to observe for foe, 
needs to be used. Consequently, the present invention 
defines a technique, which makes it possible to extract a 
correct allowed interrogation pulse and therefrom generate a 
correct response pulse. Thanks to the proposed volatile 
memory, the interrogation signal may be processed by digital 
technique and a response, which depends on the interrogation 
signal, may be produced or calculated. 

Thanks to the shifting of the frequency of the response 
radar pulse, the response radar pulse may be identified and 
separated from target echoes and ground returns, so called 
ground clutter. The frequency of the response radar pulse is 
suitably shifted so much that the response radar pulse may 
be discerned and identified by means of a so called Doppler 
radar. 

According to an embodiment of the invention, said second 
means are arranged to generate said response depending on if 
the interrogation signal includes information fulfilling a 
certain condition. In such a way, the interrogation signal 
can only be responded to by a transponder device, which may 
find, identify and interpret the interrogation signal and 
which knows which response is to be produced for the 
interrogation signal in question. The response may include 
information about the identity of the one carrying the 
transponder device. 

According to a further embodiment of the invention, the 
memory member includes a so called DRFM-unit, i.e. a digital 
radio frequency memory. By such a DRFM-unit, the radar pulse 
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may include several bits, which define the identity of the 
interrogator as well as give a basis for the encrypting of 
the response. 

According to a further embodiment of he invention, said 
first means include a demodulating member, which is 
connected to the memory member and arranged to read a code 
in the form of a first bit pattern from the interrogation 
signal. Furthermore, said first means may include a • 
decrypting member for decrypting the first bit pattern. In 
such a way the security can be further improved - 
Advantageously, said second means may thereby be arranged to 
determine if a response is to be given and to generate this 
response in the form of a second bit pattern from the 
information included in the first bit pattern. Such a 
digital processing of the bit patterns may be obtained in a 
simple and efficient manner by means of said DRFM-unit- 
Furthermore, said third means may include a modulating 
member, which is arranged to generate said response by 
modulating the second bit pattern. Said third means may also 
include an encrypting member, which is arranged to encrypt 
the second bit pattern before it is transferred to the 
modulating member in order to make it more difficult for an 
unauthorised individual to obtain a correct response to the 
interrogation signal. 

According to a further embodiment of the invention, the 
transponder device includes an analog-digital converter 
unit, which is provided between the receiver unit and the 
processing unit and is arranged to convert the received, 
analog interrogation signal to a digital interrogation 
signal, and a digital-analog converter unit, which is 
provided between the processing unit and the transmitter 
unit and is arranged to convert the generated, digital 
response signal to an analog response signal. 
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According to a further embodiment of the invention, the 
transmitter unit includes a filter, which is provided 
between the digital-analog converter and the mixer, and is 
. arranged to filtrate over-frequencies. Furthermore, the 
5 receiver unit may includes a mixer and a filter arranged to 
filtrate over-frequencies. An oscillator, which is connected 
to the mixer of the receiver unit and to the mixer of the 
transmitter unit, and is arranged to provide a frequency 
adapted to the radar unit with which the transponder device 
10 should co-operate. 

According to a further embodiment of the invention, an 
antenna member is connected to the receiver unit and the 
transmitter unit via a distribution member, which may 
15 include a circulator, 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is now to be explained more closely by 
20 means of an embodiment described by way of example and with 

reference to the drawings attached, in which 

Fig 1 discloses a schematic block diagram of a 

transponder device according to the invention, and 

Fig 2 discloses the transponder device in Fig 1 in 

25 co-operation with a radar facility. 

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION 

Fig 2 discloses schematically a radar unit R, which is 
30 arranged to co-operate with a transponder device T according 
to the present invention. The transponder device T may be 
mounted to a vehicle in the form of a car, a tank, or any 
other ground-based vehicle. The transponder device T may 
also be mounted to an aircraft or a ship. 

35 
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F.g 1 discloses schematically the design of the transponder 
devxce T. The transponder device includes a receiver unit 1 
whxch is arranged to receive a radar pulse from a radar unit 
R, for instance as disclosed in Fig 2. The radar pulse 
includes an analog interrogation signal. Moreover, the 
transponder device T includes an analog-digital converter 
unxt 2, which is arranged to convert the analog 
interrogation signal received by the receiver unit 1 to a 
dxgxtal interrogation signal. The digital interrogation 
signal is processed in a processing unit 3 of the 
transponder device T for generating a digital response 
signal. The digital response signal is converted in a 
digital-analog converter unit 4 of the transponder device T 
to an analog response signal. The response signal is 
processed and transmitted by a transmitter unit 5 back to 
the radar unit R. The transponder device T also includes an 
oscillator 6, a distribution member 7, in the form of a 
circulator, and an antenna member 8, which is arranged to 
receive the radar pulse from the radar unit R and to 
transmit a radar pulse to the radar unit R. it is to be 
noted that the receiver unit 1 and the response unit 5 of 
course may include a respective separate antenna, wherein it 
can be dispensed with the distribution member 7. 

The receiver unit 1 includes a mixer 11 and a filter 13. By 
means of the mixer 11, the frequency of the received radar 
pulse may in a conventional manner be decreased to a 
manageable level, and by means of the filter, the radar 
pulse may be filtered in such a way that an identifiable 
interrogation signal is obtained. This analog interrogation 
signal is supplied to the analog-digital converter 2 and 
converted to a digital interrogation signal 



35 



The processing unit 3 includes 
demodulating member 32, 

determining member 34, an encrypting member" "35 and 



a memory member 31, a 
a decrypting member 33, a 

a 
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modulating member 36. The memory member 31 is, in the 
embodiment disclosed, a volatile memory, and in particular a 
so called digital radio frequency memory (DRFM) . The digital 
radio frequency memory 31 enables an analysis of a radar 
pulse and, therefore, has to operate at a very high 
frequency, i.e. the memory 31 should be able to receive and 
analyse the radar pulse within a time period in the order of 
10" to 10'^° s. The demodulating member 32, the decrypting 
member 33, the determining member 34, the encrypting member 
35 and the modulating member 36 may be realised by a fast 
processor 37, a so called CPU, Central Processing Unit. The 
demodulating member 32 and the modulating member 36 are 
directly connected to the memory member 31 for co-operation 
and exchange of data with the memory member 31. 

The digital interrogation signal, which is a digital 
representation of the interrogation signal, is stored and 
kept available in the memory member 31. From the memory 
member 31, the signal is loaded to the demodulating member 
32, which is arranged to read a code in the form of a first 
bit pattern from the interrogation signal. This code is in 
the embodiment disclosed encrypted, and the first bit 
pattern is supplied to the decrypting member 33 for 
decrypting thereof. The decrypting member 33 is connected to 
the demodulating member 32 and the determining member 34, 
which is supplied with the decrypted bit pattern in the form 
of an interrogation. With the aid of the information 
contained in this interrogation, it is determined if the 
radar pulse received is to be responded to or not. If the 
determining member 33 determines that the interrogation is 
to be responded to, a response is prepared from the 
information included in the interrogation and the 
information about the one carrying the transponder device T. 
The response so prepared, which exists in the form of a 
second bit pattern, is supplied to the encrypting member 35. 
The second bit pattern is encrypted and thereafter supplied 



wo 01/65276 



8 



PCT/SEOl/00437 



to the modulating member 36 for modulating the second bit 
pattern for the generation of a digital modulated response 
s:Lgnal. This signal is supplied to and kept available in the 
memory member 31 for delivering of a response signal with a 
5 very short time delay. 

From the memory member 31, the digital modulated response 
signal may be supplied to the digital-analog converter 4 
whxch xs arranged to convert the generated, digital response 
0 signal to an analog response signal. 

The analog response signal is transferred to the transmitter 
unit 5, Which includes a filter 51 arranged to filtrate 
over-frequencies, a mixer 52 and a frequency manipulator 53 
By means of the mixer 52, the response signal is mixed in a 
radar pulse signal with a suitable frequency. By means of 
the frequency manipulator 53, the frequency of the radar 
pulse signal is shifted so much that the it can be received 
by a Doppler radar and that the response signal can be 
separated from target echoes and ground clutter. 

The oscillator 6 is connected to the mixer 11 of the 
receiver unit 1 and to the mixer 52 of the transmitter unit 
5. The oscillator 6 is arranged to adjust the transponder 
device to the correct frequency range by providing a 
frequency, which is adapted to the radar unit R with which 
the transponder device T is to co-operate, i.e. within a 
frequency range from 2-18 GHz. This means that the frequency 
of the oscillator 6 is to have a predetermined difference to 
the frequency of the radar unit R. 

The invention is not limited to the embodiment disclosed but 
may be varied and modified within the scope of the following 
claims. 
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The transponder device T according to the invention may be 
used, not only for identifying vehicles and other objects, 
but also as ground beacon, where a response including the 
identity of the ground beacon and possible additional 
information may be obtained. 
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1. A transponder device including 

a receiver unit (1), which is arranged to receive a 
radar pulse including an interrogation signal, 

a processing unit (3), which includes first means (32 
33) arranged to interpret the interrogation signal, second 
means (34) arranged to determine if a response is to fee 
transmitted and • to generate a response depending on said 
determination, and third means (35, 36) arranged to generate 
a response signal from said response, and 

a transmitter unit (5), which includes a mixer (52) for 
generating a response radar pulse and a frequency 
manipulator (53) for shifting the frequency of the generated 
response radar pulse, wherein the transmitter unit (5) is 
arranged to transmit the frequency shifted response radar 
pulse, wherein the processing unit (3) includes a memory 
member (31), which is arranged to store the interrogation 
signal and which includes a volatile memory. 

2. A transponder device according to claim 1, wherein said 
second means (34) are arranged to generate said response 
depending on if the interrogation signal includes 
information fulfilling a certain condition. 

3. A transponder device according to any one of claims 1 
and 2, wherein the memory member (31) includes a so called 
DRFTl-unit, i.e. a digital radio frequency memory. 

4 . A transponder device according to any one of claims 1 - 
3, wherein said first means (32, 33) include a demodulating 
member (32), which is connected to the memory member (31) 
and arranged to read a code in the form of a first bit 
pattern from the interrogation signal. 
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5. A transponder device according to claim 4, wherein said 
first means (32, 33) include a decrypting member (33) for 
decrypting the first bit pattern. 

6. A transponder device according to any one of claims 4 
and 5, wherein said second means (34) are arranged to 
determine if a response is to be given and to generate this 
response in the form of a second bit pattern from the 
information included in the first bit pattern. 

7. A transponder device according to claim 6, wherein said 
third means (35, 36) includes a modulating member (36), 
which is arranged to generate said response by modulating 
the second bit pattern. 

8. A transponder device according to claim 7, wherein said 
third means (35, 36) includes an encrypting member (35), 
which is arranged to encrypt the second bit pattern before 
it is transferred to the modulating member (36) . 

9. A transponder device according to any one of the 

preceding claims, including an analog-digital converter unit 

(2), which is provided between the receiver unit (1) and the 

processing unit (3) and is arranged to convert the received, 

analog interrogation signal to a digital interrogation 
signal . 

10. A transponder device according to any one of the 
preceding claims, including a digital-analog converter unit 
(4), which is provided between the processing unit (3) and 
the transmitter unit (5) and ' is arranged to convert the 
generated, digital response signal to an analog response 
signal. 

11. A transponder device according to claim 10, wherein the 
transmitter unit (5) includes a filter (51), which is 
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provided between the digital-analog converter (4) and the 
mixer (52), and is arranged to filtrate over-frequencies. 

12. A transponder device according to any one of the 
5 preceding claims, wherein the receiver unit (1) includes a 

mixer (11) and a filter (12) arranged to filtrate over- 
frequencies. 

13. A transponder device according to claim 12, including 
10 an oscillator (6), which is connected to the mixer (11) of 

the receiver unit (1) and to the mixer (52) of the 
transmitter unit (5), and is arranged to provide an adapted 
frequency by which the frequency of the receiver unit (1) 
and the transmitter unit (5) is adapted to a co-operating 
15 radar unit (R) . 

14. A transponder device according to any one of the 
preceding claims, including an antenna member (8), which is 
connected to the receiver unit (1) and the transmitter unit 

20 (5) via a distribution member (7) . 

15. A transponder device according to claim 14, wherein the 
distribution member (7) includes a circulator. 
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